We electrically measure intrinsic silicon quantum dots with electrostatically defined tunnel barriers. The presence of both p-type and n-type ohmic contacts enables the accumulation of either electrons or holes. Thus we are able to study both transport regimes within the same device. We investigate the effect of the tunnel barriers and the electrostatically defined quantum dots. There is greater localisation of charge states under the tunnel barriers in the case of hole conduction leading to higher charge noise in the p-regime.
Electrostatically defined n-type quantum dots have been measured in doped siliconon-insulator based fin-FETs using a number of gate materials [4] [5] [6] [7] [8] [9] [10] [11] as well as in intrinsic silicon [12] [13] [14] and silicon-germanium heterostructures [15] . Spin blockade has been demonstrated in these architectures [16] [17] [18] [19] [20] and electron spin relaxation times of the order of seconds [21] [22] [23] have been reported.
Given the long spin relaxation time and the reported coherence [24] , silicon quantum dots are viewed to be one of the most promising platforms for quantum information processing [25, 26] . Furthermore, Coulomb blockade through multiple quantum states has been demonstrated at room temperature [27] .
The p-type regime has been studied in electrostatically defined quantum dots [28, 29] , silicon-on-insulator fin-FETs [30, 31] and also in the few hole limit in silicon-based heterostructures and nanowires [32] [33] [34] .
Furthermore, Coulomb blockade of both electrons and holes has previously been observed in the disordered channels of nanoscale silicon field effect transistors with both p and n-type ohmic contacts [35] .
Our sample processing starts with a high resistivity (ρ > 5000 Ω cm) silicon wafer.
Boron and phosphorus ohmic contacts are Choosing n-type conduction, we sweep gate voltage V R for source-drain voltages V ds = ±6 mV. We notice several Coulomb diamonds ( Fig.2(b) ) or sub-threshold Coulomb oscillations ( Fig.2(a) ) caused by charges trapped in the barrier region. However, when the measurement is repeated in the p-region (Fig.s2(c) and (d) ), the same tunnel barrier localises more carriers, indicated by the increased number of Coulomb diamonds in the stability map Fig.2(d) and higher number of Coulomb peaks in Fig.2(c) . We attribute this increased localisation to the higher effective mass of the light hole band (m * ≃ 0.4m 0 ) as compared to the electrons (m * ≃ 0.2m 0 ) [37] .
A higher effective mass means that carriers can be more easily localised by fluctuations in the 2-dimensional potential landscape.
Finally, we measure the device configured as a quantum dot in both the n and p regimes.
To this end, the potentials on both gates L and R are set so that tunnel barriers are formed and sequential transport of carriers takes place through the central island. As the potential on the top-gate T is swept, single period Coulomb oscillations are observed as electrons are added to the island. Fig. 3(a) displays the corresponding data. We have acquired a I ds (V ds , T T ) stability map ( Fig.3(b) ), from which we infer a n-region charging en-
the measurement with p-type conduction, we find similar behaviour for the holes (Fig.3(c) )
with an approximately equal amount of oscillations. From the p-type stability map we find that holes are added with a charging energy of E c ≃ 2.4 meV. It is difficult to make meaningful comparison of the charging 
